Abstract-Previous research finds a systematic decrease in consumption at retirement, a finding that is inconsistent with the life cycle/permanent income hypothesis if retirement is an expected event. In this paper, we use workers' subjective beliefs about their retirement dates as an instrument for retirement. After demonstrating that subjective retirement expectations are strong predictors of subsequent retirement decisions, we still find a consumption decline at retirement for workers who retire when expected. However, our estimates of this consumption fall are about a third less than those found when we instead rely on the instrumental variables strategy used in prior studies.
I. Introduction
W ITH a growing number of workers approaching retirement, the preparedness of these households to finance consumption during retirement is becoming a topic of increasing concern. Assessing if households are adequately saving for retirement is a difficult task because many factors that affect the optimal level of wealth accumulation, such as tastes, risk preferences, and patience, are hard to quantify. In light of these difficulties, economists have relied upon the rational expectations version of the standard life cycle/permanent income hypothesis (LCPIH) to examine whether households are saving adequately for retirement. Specifically, if households are rational and foresighted, then their consumption should not change upon expectedly retiring. Contrary to this hypothesis, however, empirical investigations have concluded that household consumption falls at the time of retirement, even when retirement is expected (for example, Hamermesh, 1984; Mariger, 1987; Banks, Blundell, & Tanner, 1998; Bernheim, Skinner, & Weinberg, 2001) . 2 This fall in consumption at retirement is referred to as the "retirement-consumption puzzle" and has led researchers to call into question the standard rational expectations life cycle model. In their assessment of this puzzle, Banks, Blundell, and Tanner conclude that their "evidence strongly suggests that there are unanticipated shocks occurring around the time of retirement" (p. 784). Bernheim, Skinner, and Weinberg state that their "findings are difficult to interpret in the context of the life cycle model" (p. 855).
A number of alternative explanations for the observed decline in consumption at retirement have been offered in order to rehabilitate the life cycle model. Lundberg, Startz, and Stillman (2003) hypothesize that household bargaining can explain the change in consumption at retirement and find empirical support for their predictions. Angeletos et al. (2001) demonstrate through simulation methods that hyperbolic (rather than geometric) discounting households will have a planned fall in consumption at retirement. Hurd and Rohwedder (2003) and Aguiar and Hurst (2005) present evidence that incorporating household production decisions into the standard model may explain the puzzle. Moreover, Ameriks, Caplin, and Leahy (2002) and Hurd and Rohwedder find that a substantial percentage of households expect their expenditures will decrease upon retirement.
In this paper, we do not attempt to modify the basic LCPIH to account for the retirement-consumption puzzle, but rather, we return to the question of whether such a puzzle exists. The prediction of the LCPIH is that consumption should not fall if households retire when expected. Many prior studies examine observed changes in consumption at retirement. To the extent that retirement is caused by an unexpected event such as a job loss or a disability, the observed consumption fall does not refute the LCPIH. Recognizing this fact, some studies exploit the rapid changes in retirement that occur when workers become eligible for government retirement benefits to instrument for retirement. However, the choice of nonlinearities in age as an instrument for retirement has two potential problems. First, because older households are generally observed reducing their consumption as they age, it is very important that the age-consumption relationship is properly parameterized.
Second, and more importantly, the implicit assumption when using age as an instrument is that the relationship between age and actual retirement is the same as the relationship between age and expected retirement. If, as we illustrate in the two data sets that we use in our analysis, these relationships are not the same, then age is not a valid instrument for expected retirement.
We use subjective retirement expectations as an alternative instrument to distinguish between expected and unexpected retirements. Expectations questions have been the focus of a growing area of economic research. This literature finds that subjective expectations are powerful predictors of subsequent outcomes. Hurd and McGarry (2002) and Smith, Taylor, and Sloan (2001) find a strong relationship between subjective survival probabilities and subsequent mortality. Dominitz (1998) finds that subjective income expectations are good predictors of realized income, while finds that subjective job loss probabilities are strongly related to subsequent job displacements. Finally, in an application that is similar in spirit to the test we perform here, Jappelli and Pistaferri (2000) test whether households' subjective income growth is a significant predictor of consumption growth. Consistent with the LCPIH, they find no evidence that expected income growth is correlated with consumption growth, even though there is a strong correlation between expected and realized income growth.
Using data from the Retirement History Survey and the Health and Retirement Study, we test whether consumption falls at expected retirement using subjective retirement expectations as an instrument for retirement. Our first-stage results demonstrate that retirement expectations are strong predictors of actual retirement, even after controlling flexibly for the underlying age-retirement relationship. Both reduced-form and two-stage least squares estimates of the relationship between consumption changes and expected retirement show that consumption falls at retirement even for workers who retire when expected. While these results reject the LCPIH, the fall in consumption is 30% to 40% smaller in magnitude when using subjective retirement expectations as an instrument relative to using age as an instrument. Therefore, our arguably better methodology provides strong evidence of a fall in consumption at retirement but produces a smaller consumption decrease than the previous literature.
II. Modeling and Estimating the RetirementConsumption Puzzle
We examine whether consumption falls at retirement in the context of the life cycle/permanent income model, similar to the prior literature (Banks, Blundell, & Tanner, 1998; Bernheim, Skinner, & Weinberg, 2001) . In each year, households maximize their utility over the remainder of the life cycle, V t , where
subject to the asset evolution constraints
where C t , Y t , and A t are consumption, income, and assets in year t, respectively; U( ⅐ ) is the period-specific utility function; w t are variables thought to affect utility (through ⌿( ⅐ )) such as age and family size; r is a constant interest rate; and ␦ is the subjective discount rate. The resulting Euler equation that determines the household's optimal allocation of consumption between periods t and t ϩ 1 is
The key intuition behind using this framework comes from the rational expectations version of the LCPIH pioneered by Hall (1978) . For illustrative purposes, assume that the variables modifying consumption (w t ) remain constant and that the interest rate equals the discount rate. Doing so allows us to write equation (3) as
where ε tϩ1 is the household's expectation error. Here we have the familiar result that households will "smooth" the marginal utility of consumption between periods. Under the rational expectations assumption, ε tϩ1 should be uncorrelated with any information possessed by the household at time t. In particular, assuming I t represents the household's information at time t about its retirement status at period t ϩ 1, the model imposes the restriction that I t should be uncorrelated with ε tϩ1 , or that
To test this implication of the model, researchers typically assume that the period-specific utility function exhibits constant relative risk aversion. Deriving the corresponding marginal utility of consumption and inserting it into equation (3) yields the familiar first-order approximation for the Euler equation:
where is the coefficient of relative risk aversion. 3 To apply this Euler equation to the retirementconsumption puzzle, consider the estimating equation
where X tϩ1 is a vector of time-varying demographic characteristics that are meant to capture ⌬ln ⌿ (w tϩ1 ) and retire tϩ1 is an indicator for whether or not the household retired between years t and t ϩ 1. The parameter ␤ measures the observed fall in consumption at retirement. However, a finding that ␤ is nonzero does not violate the LCPIH because households may retire for numerous unforeseen reasons such as a job loss or the onset of a disability. In terms of equation (4), retire tϩ1 may be correlated with the expectations error since some households may retire unexpectedly. The LCPIH only predicts that consumption changes should be uncorrelated with planned retirement behavior. The endogeneity of retire tϩ1 has been addressed in some previous studies by using an instrumental variables strategy, accomplished through the use of two-stage least squares (2SLS). The first stage involves regressing retirement on a set of instruments that are correlated with retirement but that are not correlated with the error term in equation (6). In the second stage, predicted retirement, predret tϩ1 , is constructed for each individual based on the first-stage regression, which is then used to replace the endogenous retirement variable in equation (6). Thus, the estimating equation becomes
and the LCPIH is tested by the null hypothesis ϭ0. As is typical, the difficulty rests with identifying a valid instrument. However, the rational expectations assumption is very useful in this regard. Under this assumption, all information available at time t (variables dated time t and earlier) and any strictly exogenous variables are candidate instruments. The instrumental variable we use in this paper, subjective retirement expectations, meets the necessary criteria as a valid instrument. These self-reported expectations are clearly known to the individual in each period and are therefore potential instruments for future retirements. The rational expectations assumption that information known at time t is uncorrelated with the expectations error between periods t and t ϩ 1 satisfies the econometric requirement that the instrument be uncorrelated with the error term in equation (7). Furthermore, as we demonstrate below, these expectations also satisfy the econometric requirement that the instruments be highly predictive of subsequent retirement behavior.
The validity of subjective retirement expectations as an instrument for retirement can best be illustrated by examining the 2SLS estimator in this context. Suppose that retirement expectations are captured by a binary variable exret t ϩ 1 that equals 1 if the worker expects to retire between time t and t ϩ 1 and 0 otherwise. The 2SLS estimator of when using exret tϩ1 as an instrument is
The sample analog of this estimator is known as the Wald estimator (Angrist & Krueger, 1999) . The numerator of the Wald estimator will equal 0 if the average of consumption changes for workers that expect to retire equals the average of consumption changes for workers that do not expect to retire. The LCPIH predicts that the expected consumption change for both of these groups should equal zero because households act on their available information at time t to keep their consumption smooth between time t and t ϩ 1. Notice that this result still holds if differences in retirement expectations across individuals reflect differences in expectations of other outcomes. For example, suppose households reporting that they expect to retire also have a high probability of losing their job, while households that do not expect to retire have a low job loss probability. The LCPIH predicts that, whether their job loss probability is either high or low, households will adjust their consumption in period t such that the Euler equation holds, that is, so that their expected change in consumption equals 0. Thus, using subjective retirement expectations as an instrument provides a test of the LCPIH.
III. The Data
We rely primarily upon two data sets in this paper, the Retirement History Survey (RHS) and the Health and Retirement Study (HRS). The RHS and the HRS are useful in two regards. First, both data sets focus on individuals near the usual retirement ages and therefore contain large samples of workers undergoing these transitions. Second, both data sets ask a number of direct questions on retirement expectations. We provide an overview of the key aspects of the data sets here and discuss some of the specific issues in the appendix.
The RHS began in 1969 and reinterviewed households on a biennial basis until 1979. The initial sample of approximately 11,000 individuals included men and unmarried women born between 1905 and 1911 (ages 58-63 in the initial wave). The survey collected a wide array of information including labor force activities, health experiences, and demographic details. At the end of the survey period, a total of six waves of information had been collected. We limit our analysis to the first five waves of the RHS because the retirement expectations variables are not asked beyond the fourth wave.
The HRS is an ongoing longitudinal survey that began in 1992. 4 The initial sample consisted of approximately 7,700 households that contained at least one person born between 1931 and 1941 (ages 51-61 in the initial wave). Age-eligible household members and their spouses (regardless of birth year) were interviewed, resulting in approximately 12,700 initial respondents. As with the RHS, the HRS is fielded biennially. The survey collects detailed information on a variety of topics, including demographics, employment, health status, and financial status. We use the publicly available versions of the first five waves of the HRS (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) .
Both surveys collect information on household food expenditures. The RHS collected this information in all waves, while the HRS has collected this information in all waves except for wave 4. Food expenditure information has been used in a number of previous studies testing household consumption behavior (Hall & Mishkin, 1982; Zeldes, 1989; Shea, 1995) . The main drawback to using food expenditures is that it is a limited measure of household expenditures. However, a benefit of food expenditures is the fact that food is a nondurable good, which means that changes in food expenditures should be closely linked to changes in household utility. It is difficult to measure the utility changes associated with changes in durable-good expenditures because households can receive service flows from past purchases of these items. Furthermore, food consumption is either the main or a component of the main consumption measure in two previous studies of the retirementconsumption puzzle (Bernheim, Skinner, & Weinberg, 2001; Lundberg, Startz, & Stillman, 2003) , so its use also provides a point of comparison.
In our analysis, the definition of retirement is based on the current labor force status question. This question inquires whether individuals are currently engaged in one of a number of activities, including working, unemployed, retired, disabled, and homemaker. We define retirement as those individuals who report being retired. 5 The most important information available in these surveys for our estimation strategy is the questions regarding each individual's expected age of retirement. In the initial wave of both surveys, individuals who have not yet retired are asked when they expect to retire. Survey participants can respond by giving an age (or year) of expected retirement, stating that they will never retire, or stating that they do not know. Although the HRS asks this question only during the first wave, the RHS continues to ask workers their expected retirement age through the fourth wave. 6 Because households continually receive new information that may cause them to alter their expectations, the availability of updated expectations allows us to use even more precise information in our analysis with the RHS.
For our analysis, we limit our attention to male-headed households. Our main reason for imposing this restriction is that the RHS collected detailed information on women only when a spouse was not present. We also impose the restriction that each respondent had to be working at the initial wave so that they (a) can potentially enter into retirement during the survey period, and (b) will be eligible to answer the question on expected retirement. We use an unbalanced sample in that we include observations from individuals who leave the surveys prior to the final wave of our sample periods. We also only consider the first move into retirement and ignore any subsequent movements in and out of retirement. Finally, because retirement expectations are not elicited from workers who have left the labor force, our analysis is restricted to observations up to and including the wave of retirement.
We provide basic descriptive statistics for both samples in table 1. These figures correspond to households that contribute at least one first-differenced observation to the analysis. 7 All dollar amounts are adjusted to 2001 dollars using the annual personal consumption expenditure (PCE) deflator. The differences in the observable characteristics, such as the sample becoming more educated and more likely not to be married, are consistent with well-known secular trends of the last three decades.
IV. Retirement Expectations and Realizations
Prior research has found that subjective retirement expectations are strong predictors of subsequent retirement behavior. Bernheim (1989) examines the relationship between retirement expectations and realizations using the RHS. He finds that respondents appear to respond with the modal (that is, most likely) date of expected retirement rather than the mean date. Across all of the expected retirement dates he examines, roughly two-thirds of men retire within one year 5 While RHS respondents are allowed to choose only one of the potential labor force activities, HRS respondents may choose as many as they would like. For comparability, we define HRS respondents to be retired if they report being retired and do not report being either unemployed or working.
6 Although the HRS contains similar expectation questions in later waves, the skip patterns are such that many fewer individuals respond to the questions. For example, Loughran et al. (2001) show that the response rate in wave 2 is about three-quarters less than the response rate in wave 1. The HRS also elicits information about the subjective probability individuals will retire by ages 62 and 65 in all waves. However, Loughran et al. demonstrate that these questions were not consistently asked of the appropriate populations. 7 Since consumption data are not available in wave 4 of the HRS, each household can contribute at most two first-differenced observations (between waves 1 and 3) to the consumption regressions. The HRS sample described in table 1 corresponds to the set of first-differenced observations that can be created from all five waves of the HRS from individuals that contribute at least one observation to the consumption regressions. This larger HRS sample is used in the analysis of the retirement expectations variables. The sample used in the HRS consumption regressions comprises 4,045 first-differenced observations from 2,617 individuals. 1969, 1971, 1973, 1975, 1977 1992, 1994, 1996, 1998 (before or after) of their expected date. Loughran et al. (2001) find that retirement expectations are strong predictors of retirement in the HRS. Using two waves of the British Retirement Survey, Disney and Tanner (1999) find evidence similar to Bernheim's in that respondents appear to provide modal responses to the retirement expectations question. In addition, they find that, when predicting retirement using regressions that include a large number of observable characteristics, expected age of retirement is a very strong predictor of the actual age of retirement. 8 In figure 1 , we use data from the RHS to demonstrate the relationship between expected wave of retirement and actual wave of retirement. The expectations question is from the first wave of the survey. Panel A of figure 1 shows the distribution of expected retirement waves in the RHS. 9 Of the workers who report an expected wave of retirement, the majority of them expect to retire by the fourth wave. 10 Given that respondents in the RHS are ages 58-63 at the initial interview, nearly all of them will be eligible for the Social Security normal retirement age by wave four. More interesting, however, is the fact that approximately one-third of the workers in the RHS report that they will never retire. Furthermore, about one-eighth of workers do not know when they will retire.
The remaining three panels of figure 1 show the relationship between workers' wave 1 expected retirement ages and their actual retirement dates. 11 Three main patterns can be observed in these figures. First, the modal wave of realized retirement corresponds to the subjective expected retirement wave for all expected retirement waves. Second, the accuracy of the expectations is stronger for workers expecting to retire at waves closer to the initial survey date. Third, the timing of observed retirements for those who say they will never retire and those who do not know when they will retire are very similar.
As shown in figure 2, similar patterns are found in the HRS. Since workers in the HRS are younger than those in the RHS, a higher fraction of HRS respondents report an expected retirement date after the available sample period. Panels B and C of figure 2 show that HRS respondents also appear to provide modal responses to the expected retirement question. As can be seen in panel D of the figure, workers who state that they will never retire have subsequent dates of retirement that are comparable to workers who report that they do not know when they will retire. Thus, the strong relationship between retirement expectations and subsequent retirement dates persists in both data sets.
The correlation between retirement expectations and realizations could simply be reflecting the strong ageretirement relationship. To determine the additional information contained in the expected retirement variables, we estimate the equation
where retire tϩ1 is an indicator for whether the worker retired between waves t and t ϩ 1; exret tϩ1 is an indicator for whether the worker expected to retire between waves t and t ϩ 1; X tϩ1 contains age at time t, the change in household size between t and t ϩ 1, and wave dummies; and u tϩ1 is an error term. 12 We define workers as expecting to retire if they responded that they expect to retire in the year of the survey, the year after the survey, or two years after the survey. Workers that give any other response, including "never" or "don't know," are classified as not expecting to retire. Aside from estimating the additional explanatory power contained in the subjective retirement expectations responses, equation (8) also represents the first stage for equation (7). Panel A of table 2 presents the results of estimating (8) where exret tϩ1 is based upon the response to the retirement expectations question in wave 1 of the RHS. 13 We present results using three specifications to control for age. When using only a linear age term (column 1), workers who expect to retire between waves are 33% more likely to retire than workers who do not. Using a quadratic in age has no impact on this estimate (column 2). Finally, including a complete set of age dummies to fully capture the ageretirement relationship has a negligible impact on the estimate. Across all three specifications, the point estimate is strongly significant with t-statistics exceeding 20 across the columns.
Because workers update their expectations as they receive new information, the correlation between retirement expectations and actual retirement decisions should be strengthened when the worker's most recent retirement expectations are used in place of the worker's initial (wave 1) expectations. The results in panel B of table 2 confirm this intuition in the RHS. When using the most recent (wave t) expectations to construct exret tϩ1 , workers who expect to retire are 43% more likely to retire than workers who do not expect to do so. As with the results in panel A, alternative 8 Other aspects of retirement expectations variables have been analyzed. Deviations between expected and actual retirement ages are correlated with wealth and health changes as well as marital transitions (Anderson, Burkhauser, & Quinn, 1986; Disney & Tanner, 1999; Loughran et al., 2001; Benitez-Silva & Dwyer, 2005) . Benitez-Silva and Dwyer find that retirement expectations in the HRS are consistent with the rational expectations hypothesis.
9 Since our subsequent analysis examines changes in consumption and retirement status between survey waves, we examine the distribution of retirement expectations by survey wave. The distribution of expected retirement ages are presented in appendix Figure A1 , panels A and B for the RHS and HRS, respectively.
10 Because retirement expectations are elicited by age of retirement, we determine the expected wave of retirement by assuming that workers expect to retire on the day upon which they reach that age (that is, their birthday).
11 Workers who leave the RHS before retiring are excluded from the last three panels of figure 1. 12 These covariates are included since, as we discuss below, they are the same regressors used in the consumption change equations. 13 The reported standard errors for the regression coefficients in table 2 as well as in all subsequent tables are robust to arbitrary forms of correlation within individuals over time.
IS THERE A RETIREMENT-CONSUMPTION PUZZLE? 251 methods to control for the relationship between age and retirement have little impact on the coefficient estimates. Finally, panel C presents the results for the HRS using wave 1 expectations. In comparison to the results using wave 1 expectations in the RHS, the correlation between expected and observed retirement is not as large in the HRS. Nonetheless, the estimates are still highly significant and do not change across different specifications. 14 One possible concern with the construction of our expected retirement variable exret tϩ1 is that combining an array of beliefs about the expected date of retirement into a dichotomous variable, especially "never" and "don't know," may improperly characterize the relationship between retirement expectations and realizations. To examine this issue, we modified equation (8) by replacing exret tϩ1 with a set of "years until expected retirement" indicators that correspond to the number of years from the survey date until the respondent expects to retire. In addition, we are able to place "never" and "don't know" responses into their own categories. Figure 3 presents the results from estimating this adjusted version of equation (8) using the most recent retirement expectations response in the RHS. The solid line presents the "raw" correlations where we do not include age or any other covariates aside from the years until expected retirement indicators. The dashed line shows the results where we include the covariates discussed above as well as a full set of age dummies in the adjusted equation (8). The respondents we code as having exret tϩ1 equal to 1 are those expecting to retire within two years of the survey date. As the results in the figure show, these individuals have similar high probabilities of retiring by the next survey. The large decrease in the probability of retiring between those who say they will retire in two years and those who will retire in three years is consistent with a distinct change between the two groups categorized by exret tϩ1 . Finally, the low retirement probabilities, especially when adjusted for age, among respondents expecting to retire no sooner than three years after the survey date as well as respondents answering "never" or "don't know" suggest that combining this group of workers should not be problematic for our analysis. Nonetheless, we will also discuss results in which we use this more flexible specification for retirement expectations.
Figure 3 also illustrates the degree to which actual retirement deviates from retirement expectations. For example, the solid line in the figure indicates that less than 70% of respondents who expect to retire within one year of the survey date are in fact retired by the next survey date (which occurs two years after the survey). Also, roughly 15% of respondents who state that they will never retire do indeed retire by the next survey wave. In fact, when we calculate the share of actual retirements that are due to workers who expected to retire between the waves using the most recent expectations in the RHS, only about half (51%) of retirements are expected. 15 Thus, while retirement expectations are strong predictors of retirement, a large share of retirements are nonetheless unexpected.
While our analysis is based on surveys with two years between waves, many other papers that examine consumption changes at retirement use data from surveys with only a single year between waves. Therefore, understanding the accuracy of retirement expectations at a one-year interval is relevant for comparing our analysis to much of the literature. Appendix figure A2 presents a comparable set of results to those found in figure 3 except that retirement is now defined as having retired in the year following the survey. 16 Less than 60% of individuals who expect to retire within one year are in fact retired within that time frame. Furthermore, we calculate that less than 40% of respondents who retire within one year of the survey had in fact expected to retire by that date. These results suggest that there is no reason to believe that using data from surveys with a one-year interval between waves would produce appreciably different results from those found here.
14 If younger individuals have noisier retirement expectations, then the fact that the initial age of respondents in the HRS is 51 to 61 while the initial RHS ages are 58 to 63 may be responsible for the smaller estimates in the HRS. However, when the HRS is limited to respondents who are at least age 58 in wave 1, the results do not change. 15 Based on wave 1 expectations in the RHS, 34% of retirements are expected. In the HRS, based on wave 1 expectations and using all five survey waves as in table 2, 32% of retirements are expected.
16 Individuals who exit the labor force are asked when they left their last job. The RHS reports this date as the number of months since April of the previous survey year. Unfortunately, the RHS does not report the interview date. However, interviews were generally conducted between March 1 and July 1 of a survey year. To ensure that we allow all of the respondents at least a one-year window, we define a retirement as occurring within one year if the respondent reports having left their last job no more than fifteen months since April of the last survey year. Date of retirement is missing for 7% of retirements between survey waves. Notes: The dependent variable is an indicator for whether the worker retired between the waves. All regressions include the change in household size and indicators for the survey wave. Standard errors are robust to arbitrary forms of correlations within individuals over time.
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V. The Change in Consumption at Observed Retirement
Before examining whether expectations can explain the retirement-consumption puzzle, we first document the extent to which consumption falls at retirement in the RHS and the HRS. We estimate equation (6) where our primary interest is on the estimate of ␤, the coefficient on observed retirement. The vector of observable characteristics, X tϩ1 , contains age at time t, the change in household size between t and t ϩ 1, and wave dummies. While this list of covariates is rather sparse, it is consistent with the controls used in numerous studies examining changes in consumption. As we discussed above, finding a drop in consumption at retirement when estimating equation (6) is not evidence of a failure of the LCPIH because these regressions pool households retiring both expectedly and unexpectedly.
Panel A of table 3 presents the results of estimating equation (6) separately for the RHS and the HRS samples. The estimate in the RHS (column 1) is consistent with previous results: consumption is significantly reduced at retirement. Surprisingly, however, we do not find evidence of a consumption decline at retirement in the HRS (column 2).
This differential result between the RHS and the HRS could be due to many reasons. One potential reason is that food consumption data are very noisy. However, the result in the HRS cannot simply be due to measurement error because we find evidence of the decline at retirement in the RHS. In addition, when we examine the food consumption by household size for both data sets in figure 4 , the food consumption levels are remarkably similar across both surveys. Further casting doubt on this explanation, when using the same measure of food consumption, finds that job loss significantly reduces consumption by 15% percent in the HRS over the same time period.
A second potential explanation for the differences is that the 1990s could have been substantively different from the 1970s, perhaps because of unexpected increases in wealth due to higher stock market returns in the latter period. If a large number of retirements were induced by these increases in wealth, then time specific factors may explain the differences between the surveys. To examine whether important time period effects exist, we make use of a third data set, the Panel Study of Income Dynamics (PSID). The PSID is useful because it spans the time period of both the RHS and the HRS and it collects information on food consumption and retirement. We construct comparison samples from the PSID for both the RHS and the HRS. 17 Figure 4 demonstrates that the food consumption levels for both comparison samples are remarkably similar to the food consumption levels in the RHS and HRS.
The results of estimating equation (6) on the PSID comparison samples are shown in columns 3 and 4 of table 3. In both PSID samples, consumption falls by roughly 9% at observed retirement and the estimated decreases are both significant. Thus, the results in both of the PSID samples are 17 The appendix provides additional information on the PSID samples, including a discussion about why the calendar years for the PSID samples used here do not perfectly align with those of the RHS and HRS. Although the income drop at retirement in the HRS is smaller than the estimate for the contemporaneous PSID sample, the decrease is very similar to that found in the RHS.
A third potential explanation for the divergence between the RHS and the HRS is that, as noted by Chamberlain (1984) , estimates of rational expectations models are inconsistent in short panels because rational expectation errors have an expected value of 0 as the number of time periods 
Household Size Weekly Total Food Expenditures ($)
RHS HRS PSID-70s PSID-90s
Notes: These figures graph the mean weekly food expenditures by household size. All dollars are deflated to 2001, using the annual personal consumption expenditure (PCE) deflator. increases, not as the number of cross-sectional observations increases. Because food consumption is not available in the fourth wave of the HRS, our examination of consumption changes between the first three waves of the survey may exacerbate this problem. To examine this possibility, we restrict the second PSID sample to span 1991-1995 to approximate the HRS panel in terms of time period and length of sample. The results for this sample (column 5) are not statistically different from the HRS result in column 2, although the point estimate is negative.
Overall, we take these estimates as illustrating that the negative correlation between consumption and retirement found in other data sets is also present in the RHS but not in the HRS. As we discussed in the introduction, however, these results alone do not refute the LCPIH because observed retirements may be correlated with unexpected events that cause households to change their consumption. Therefore, in order to test the LCPIH, we turn our focus to the consumption response to expected retirements.
VI. The Change in Consumption at Expected Retirement
The primary parameter of interest in our analysis is , which is the coefficient on predicted retirement in equation (7). Before presenting our structural estimates of this parameter from using our instrumental variables estimation strategy, we first present the results of estimating the reducedform model
where we include exret tϩ1 directly into the Euler equation in lieu of predret tϩ1 . Notice that this reduced-form estimate is actually a direct test of the rational expectations LCPIH.
Since expectations at time t should be uncorrelated with expectations error between future periods, a test of the null hypothesis ϭ 0 provides a simple test of the model. In fact, is the numerator of the Wald estimator. Table 4 presents the estimates of equation (9). When RHS wave 1 expectations are used to construct exret tϩ1 , we reject the null hypothesis for two of the three specifications (panel A of the table). When only a linear term in age is included in the model (column 1), the estimate of is negative and significant. When the potential nonlinearities between age and consumption changes are accounted for by using a quadratic specification for age, the estimate of remains significant. However, when a complete set of age dummies is included in the analysis, the estimated value of becomes smaller and marginally significant.
When the most recent retirement expectations from the RHS are used as the basis for exret t ϩ 1 , as shown in panel B of table 4, the model is rejected across all three specifications for age. Individuals who expect to retire between waves t and t ϩ 1 have a significant fall in their consumption relative to those workers who do not, regardless of the specification for age. Thus, these estimates reject the LCPIH. We interpret these results as strong evidence that households do not fully adjust their consumption to all available information.
In panel C of table 4, we examine the consumption response to wave 1 retirement expectations in the HRS. Although we did not find a retirement consumption decline for the HRS in table 3, there remains the possibility that positive wealth shocks may have led the observed change to be insignificant during this time period. However, it still may be the case that retirement consumption changes among those who expect to retire may differ from the observed changes. Across all three specifications in panel C, we find no difference in consumption changes among those who expect to retire relative to other households.
While the reduced-form estimates in table 4 for the RHS are evidence of a decrease in consumption for workers who retire when expected, the structural (2SLS) results of equation (7) presented in table 5 estimate the magnitude of the consumption decline. Consistent with the results in the previous table, we find a negative and significant impact of retirement on consumption when using wave 1 expectations in the RHS (panel A). These estimates imply that consumption falls by 7% to 10% upon retirements that are expected. The corresponding point estimates in the HRS based upon wave 1 expectations vary between being positive and negative, although the confidence intervals around these estimates are relatively large (panel C). Finally, the results using the most recent expectations responses in the RHS are negative and significant. Our estimates of in equation (7) are stable across all three specifications, even when we allow for the most general relationship between age and consumption (column 3). Our estimates imply that consumption falls by 10% to 11% when workers retire as Notes: The dependent variable is the change in log consumption between the waves. All regressions include the change in household size and indicators for the survey wave. Standard errors are robust to arbitrary forms of correlations within individuals over time.
expected. Overall, we interpret these results as suggesting that a retirement-consumption puzzle exists for individuals who expect to retire.
Our specification for the relationship between retirement expectations and observed retirements is a simple binary indicator for whether the worker expects to retire by the next survey wave. However, as we discussed in section IV, this specification ignores the fact that individuals can report the age (or year) in which they expect to retire, if they expect to never retire, or if they do not know when they will retire. To exploit this diversity of retirement expectations, we also estimated a version of equation (7) where the first stage employs the same specification used to generate the results shown in figure 3. Our second-stage estimates from this alternative specification are nearly identical to the analogous results reported in table 5. 18 
A. Using Age as an Instrument for Retirement
To account for the endogeneity of the retirement decision, previous studies examining the retirement-consumption puzzle have used age as an instrument. 19 Noting that there are sharp changes in the likelihood of retirement at ages when workers become eligible for government retirement benefits and that these ages are known in advance, researchers have exploited this nonlinear relationship between age and retirement status as a source of variation in retirement that is uncorrelated with the error term in the Euler equation. Because the availability of these benefits are known in advance to households and the benefit value should be easily forecasted, the increase in retirement induced by the age-specific benefit eligibility should not represent new information to households and therefore should be uncorrelated with the error term in equation (7).
While the use of age as an instrument is intuitively appealing, we note two concerns with this approach. First, the rapid change in retirement status by age may be correlated with changes in the marginal utility of consumption at these ages. If these changes are not captured by the variables in X tϩ1 but are correlated with the nonlinearity in age, then the exclusion restriction will be violated and render age an inappropriate instrument. For example, age is usually entered linearly as a regressor when the first-difference of consumption is the dependent variable (or, equivalently, age is specified as a quadratic when using consumption in levels). The exclusion restriction will be violated if this parameterization is inadequate to capture rapid changes in the age-consumption profile around the retirement age.
Second, the fraction of workers unexpectedly retiring may vary systematically by age. The first stage of the 2SLS methodology assigns the actual retirement experiences of the current retirees to be their present expectations. In other words, the implicit assumption when using age as an instrument is that the observed fraction of workers retiring at each age is equal to the current expectations of those still working. If this assumption does not hold, then the 2SLS estimate when using age as an instrument will be contaminated by this systematic bias.
The evidence presented in figure 5 suggests that a systematic bias does indeed exist. The solid lines in the panels show the fraction of workers at each age, conditional on not having retired yet, that retire by the next survey wave in the RHS and HRS. These lines illustrate the standard result: retirement rates increase with age, peak at the Social Security normal retirement age, and remain relatively high at subsequent ages. The dashed lines illustrate the fraction of workers at each age who expect to retire by the next survey wave, conditional on having not yet retired. 20 Prior to normal retirement, the solid and dashed lines are nearly identical. After normal retirement age, however, the fraction of workers retiring exceeds the fraction expecting to retire. When age is used as an instrument, the 2SLS estimator falsely treats these later ages as having a relatively high fraction of expected retirements. Thus, the 2SLS estimate 18 In the alternative specification that includes age linearly, the secondstage coefficient for the retirement variable is Ϫ0.102 (standard error of 0.023), as compared to Ϫ0.109 (standard error of 0.024) reported in table 5. In the alternative specification that includes age dummies, the secondstage coefficient for the retirement variable is Ϫ0.091 (standard error of 0.025), as compared to Ϫ0.099 (standard error of 0.026) reported in table 5. The F-statistic for the instruments in the first stage is well over 100 for both alternative specifications.
19 Bernheim, Skinner, and Weinberg (2001) use separate first-stage equations for each individual age covered in their sample (54 to 70) to predict retirement status. This approach is identical to a single first-stage regression pooling across all ages and including dummy variables for each age along with interactions between these age dummies and the other covariates. Banks, Blundell, and Tanner (1998) use lagged regressors such as past retirement status as instruments. To the extent that these lagged values are age dependent, they are implicitly using age as an instrument via a nonlinear transformation. Thus, the arguments discussed here also apply to their study. Aguiar and Hurst (2005) use age dummies to instrument for retirement. 20 The long-dashed lines in the figure are based on the expected date of retirement in the first survey wave. The short-dashed line in panel A of the figure are based upon the worker's most recent expected retirement date. Notes: The dependent variable is the change in log consumption between the waves. All regressions include the change in household size and indicators for the survey wave. Standard errors are robust to arbitrary forms of correlations within individuals over time.
will be biased, with the direction of the bias depending upon the correlation of consumption changes with these unexpected retirements.
To compare our estimates using retirement expectations as an instrument to prior research, we estimate the model using age as an instrument in the same RHS samples used above. 21 The age instruments are a full set of dummy variables for the worker's age at wave t in the t to t ϩ 1 change used in the analysis. We present estimates of models 21 Since the HRS results have been consistently insignificant, we focus on the RHS for the remainder of our analysis. that include either a linear or a quadratic specification for age so that only the nonlinearities in age identify the consumption change at "expected" retirement.
The results of using age as an instrument for retirement are presented in table 6. The results show that consumption is significantly reduced by 16% when workers retire as "expected," when the linear age term is included. When a quadratic in age is included, the point estimate implies that consumption drops by 14% at expected retirement, but the standard errors increase dramatically so that the estimate is now marginally significant. 22 The F-statistics at the bottom of table 6 indicate that the age dummies are jointly significant predictors of retirement. Note, however, that these F-statistics are much smaller than the analogous values for the expectations dummy variables in table 6.
Compared to the results where expectations are used as an instrument (tables 5 and 6), the estimated consumption decrease at retirement when using age as an instrument is substantially larger in magnitude. Moving from using age as an instrument to using the expectations variables reduces the point estimates by 30% to 40%. The standard errors around the estimates in table 6, however, are just large enough to include the previous point estimates within one standard deviation. These larger estimates are likely due to the instrument treating the retirements at ages beyond normal retirement age as expected retirements. In addition, the standard errors on the structural estimates are substantially smaller when retirement expectations are used as an instrument as opposed to age. This difference is likely due to the additional power of the expectations variable in predicting subsequent retirement. Overall, we believe the comparison between the two sets of structural estimates is consistent with our arguments not only that the subjective retirement expectations are a better instrument but that the use of age as an instrument for retirement will lead to biased estimates.
VII. Conclusions
A number of previous studies have found a significant drop in household consumption at retirement. If individuals are behaving in accordance with the rational expectations version of the life cycle/permanent income hypothesis, then this consumption decline is a puzzle if it is observed for workers who retire when expected. Using age as an instrument for expected retirement, prior researchers find that consumption declines even when retirements are expected, a finding that has been labeled the retirement-consumption puzzle. As we have documented here, however, there is strong evidence that the age profile of actual retirements and expected retirements are not the same, which means that age is not a valid instrument for expected retirement.
In this paper, we use subjective retirement expectations as instruments for expected retirement. Agents' expectations are an important component of numerous economic models, including the life cycle/permanent income hypothesis, and our paper adds to the growing literature that uses subjective expectations responses in survey data to test economic hypotheses. Our results show that workers' expectations are strong predictors of their subsequent retirement patterns. We find that retirement expectations are significantly correlated with consumption changes. This result rejects the LCPIH because any information known to the household should be uncorrelated with the expectations error in the Euler equation. When using retirement expectations as an instrument for retirement, we find that consumption falls by 7% to 11% for workers who retire as expected. Thus, even when a valid instrument is used for retirement, there is still evidence of a significant fall in consumption at retirement. However, this estimated retirement consumption decline is about a third less in magnitude, and more precisely estimated, than we find when we follow previous studies and use age as an instrument for retirement.
How should we interpret this fall in consumption at retirement? Although our analysis has not been able to establish why consumption falls, we have used expectations data to demonstrate the extent to which a puzzle exists. 23 Our results both suggest that more work is needed to uncover the exact mechanisms behind this finding and demonstrate that subjective retirement expectations will be useful in this endeavor. 22 We also estimated these models including the postretirement observations as has been done in previous studies. The results for the linear and quadratic specifications resulted in point estimates of Ϫ0.163 (with a standard error of 0.047) and Ϫ0.202 (0.089), respectively. Thus, we do not believe that our slightly different sample construction (relative to the rest of the literature) has any impact on the analysis we present. If anything, these additional estimates imply that the bias from using age as an instrument is larger than suggested by the results in table 6. Notes: The dependent variable is the change in log consumption between the waves. All regressions include the change in household size and indicators for the survey wave. Standard errors are robust to arbitrary forms of correlations within individuals over time.
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The Retirement History Survey
The RHS interviewed 8,132 men in the first wave. We begin by dropping those men who do not work in the first wave and who do not show up at least twice, leaving 5,761 men. We then follow these men until the end of the sample period (wave 5), until they retire, or until they leave the sample. We also drop those respondents with missing retirement information. This initial sample provides 14,670 first-differenced observations. Of these first-differenced observations, we then eliminate those that include a wave where an individual is a boarder or where the necessary age or household size information is missing, leaving 14,120 observations. Finally, we drop all remaining observations that do not contain the appropriate food expenditure information or expectation information, leaving 11,510 observations on 5,060 individuals.
The food expenditure information is collected by asking questions regarding several underlying sources: food at the grocery store, food delivered to the home, food at other types of stores (such as bakeries, fruit stands, and dairy stores), food at work, and food eating out. All questions refer to expenditures over the last week, except the food-out questions that refer to the last month. As discussed in detail in Hurd (1992) , some of the variables are apparently recorded in cents rather than in dollars, as suggested by the codebook. We have adjusted all food expenditures at home in waves 2 and 4 to account for this inconsistency. Also discussed in Hurd, some of the individual observations also appear to be recorded in cents. For the results reported in the paper, we follow Hurd and attempt to individually identify these observations and adjust them from cents to dollars. 24 In addition, there is a follow-up question to the food-at-home questions that asks whether the expenditures represent the "usual" amount. If the respondent indicates that the given amount does not represent the "usual" amount, an alternative total is inquired about. When such an alternative total is provided, we use this amount; approximately 15% of the respondents per wave provide an alternative "usual" amount. 25 Total household income is collected by approximately fifty questions about various underlying income sources in each wave. Although most people answer most questions, missing data is a problem because total income cannot be computed directly if a person does not respond to any one of the numerous income questions. We impute missing data for each of the underlying sources using the "predictive mean matching" method (Little, 1988) , the same method used by the University of Michigan for HRS imputations. This method imputes a missing value for an individual by using an actual outcome value from a "similar" person within the data set, where similarity is based on the prediction from a regression. Our imputations are based on gender, race, education, employment status, age, home ownership, and household size.
The Health and Retirement Study
The HRS interviewed 4,596 men in the first wave who were born between 1931 and 1941 (excluding the "overlap sample" individuals). We begin by dropping those men who did not work in the first wave and who do not show up at least twice, leaving 3,255 men. We then limit our HRS sample to those individuals who have valid consumption data, in order to contribute at least one first-difference observation to the sample between waves 1 and 3. This restriction limits the sample to 2,866 men. We then follow these men until the end of the sample period (wave 5), until they retire, or until they leave the sample. We also drop those with missing retirement information. This initial sample provides 8,933 firstdifferenced observations. Of these first-differenced observations, we then eliminate those that include a wave in which the necessary age or household size information is missing, leaving 8,811 observations. Next, we drop all individuals that do have the appropriate retirement expectations information, leaving 8,086 observations from 2,617 men. We use this sample for assessing the retirement expectations variables in section IV. Finally, for use in the consumption regressions, we drop all individuals who do not have the appropriate food expenditure information, leaving 4,045 observations. This much smaller sample size is due to the food expenditure questions not being asked in wave 4 and the food expenditure questions being placed in an experimental module that participants were allowed to bypass in wave 3.
The food expenditure information is collected via questions regarding several underlying sources of food. For those receiving food stamps last month, the survey inquires about the quantity of food stamps received and the additional amount of money spent in the last month on food at the store, food delivered to the door, and food eating out. For those not receiving food stamps, the survey asks about the same three underlying sources, but instead asks about expenditures in an average week.
We use the HRS-provided imputations for the income variables.
Comparability of the RHS and HRS
Although the labor force status questions are different in the RHS and HRS, both surveys ask a second direct question about retirement. This second question asks workers to report their current retirement status as being fully retired, partly retired, or not retired at all. Defining retirement based on this alternative question does not affect our results.
The wording of the expected retirement questions varies slightly between the RHS and the HRS. In the first wave of the RHS, the question is, "At what age do you expect to stop working at a regular job?" The RHS question in the later waves is, "Do you expect ever to stop working for a living? At what age?" The HRS question is, "When do you think you will retire (completely)?" Differences in the wording of the expectations questions across the two surveys are reflected in differences in the information available in the data files. The RHS data report the expected age of retirement because survey participants are prompted to give an expected age response. The HRS question allows households to give either an expected age or year of retirement response. The HRS data, however, only reports the expected year of retirement that is converted from expected age if an age response is given. Thus, we cannot compute with precision the age at which a person expects to retire in the HRS. This imprecision can be observed in panel B of appendix figure A1 as an elevated retirement hazard at ages 63 and 66. However, this imprecision has little impact on the results in the paper because the analysis is based on expected wave of retirement, not expected age of retirement.
The Panel Study of Income Dynamics
The PSID is an ongoing panel data set that began in 1968. The PSID interviewed households annually until 1997, at which time it began interviewing on a biennial basis. The original sample consisted of approximately 5,000 families, and the families and their offspring have been followed ever since. Of these original families, approximately 60% sampled from a nationally representative sampling frame, while the remaining households were taken from a set of low-income households. We limit the observations in our analysis to households originating from the nationally representative sample.
We create two PSID samples: the PSID-70s sample that spans 1970 to 1980 to coincide with the RHS and the PSID-90s sample that spans 1991 to 1999 to coincide with the HRS. The PSID samples do not directly match the years in the RHS and HRS due to data availability issues. We start the PSID-70s sample in 1970 since the PSID does not collect any food consumption data in 1973 (hence eliminating the use of odd-number years for the PSID-70s sample) and only collects food-at-home consumption data in 1968. We begin the PSID-90s sample in 1991 since, as mentioned above, the PSID only surveys households in odd-numbered years beginning in 1997. For each of the PSID samples, we draw male household heads that are 53-62 years old in the first year of that sample. We then follow each comparison sample biennially for five waves. Statistics for the PSID comparison samples are shown in 1970, 1972, 1974, 1976, 1978 1991, 1993, 1995, 1997, 1999 
